Protein synthesis in reticulocyte lysates ceases abruptly in the absence of added hemin or in the presence of double-stranded RNA. A similar effect of double-stranded RNA is observed in Krebs II ascites cellfree systems translating exogenous globin mRNA. The shut-off of protein synthesis is due to inhibition of initiation and can be prevented or reversed by addition of the initiation factor preparation Ma. Preparations of M1, M2, and dissociation factor are ineffective under these conditions. The effects of added hemin, Ms, and globin mRNA on the synthesis of a and ft globin chains have been studied in the reticulocyte and ascites cell extracts. When the concentration of Ms is rate limiting, the synthesis of fi chains exceeds that of a chains. When the concentration of mRNA is rate limiting, synthesis of a and # chains is more nearly equal.
The synthesis of globin in immature erythroid cells is promoted by the addition of hemin (1) . This effect of added hemin is associated with improved maintenance of the number and size of polyribosomes (2, 3) . These findings and additional studies in reticulocyte lysates have focused attention on the role of hemin in the initiation of globin synthesis (4) (5) (6) (7) . In the reticulocyte lysate the synthesis of globin is well maintained in the presence of added hemin, but in its absence the rate of protein synthesis declines sharply within a few minutes after the start of incubation. This sharp decline (shut-off) can be reversed if hemin is added to the lysate shortly after the start of incubation (8, 9) . These findings have led to the postulation of an inhibitor which is formed and is active in a hemin-deficient reticulocyte or lysate (9, 10) . It has also been proposed that a factor essential to the initiation of globin synthesis is either exhausted or inactivated in the absence of hemin, its inactivation perhaps occurring as a result of the action of the inhibitor (8, 11) .
In the absence of added hemin, the formation or maintenance of the complex between the 40S ribosomal subunit and the initiator tRNA, Met-tRNAf, is inhibited (12) . Doublestranded RNA (dsRNA) has a similar inhibitory effect (13) .
The inhibition by dsRNA has been attributed to the inactivation of an initiation factor (14) which has chromatographic properties on DEAE-cellulose similar to or identical with those of M3 described by Prichard et al. (15) .
The effect of added hemin is not restricted to the synthesis of globin; the synthesis of carbonic anhydrase and of other proteins of the reticulocyte is also enhanced (16) (17) (18) . Protein synthesis in intact Krebs II ascites tumor cells (ATC) and the translation of exogenous rabbit globin messenger RNA in cell-free extracts of these cells are also enhanced by the addition of added hemin (16, 19) .
In this paper we report the effect of an initiation factor preparation, Mst, on reversing the inhibition produced by the reticulocyte inhibitor or by dsRNA. We have also studied the synthesis of a and P chains of globin in reticulocyte lysates and in ATC extracts as a function of the concentration of added M3 or of exogenous globin messenger RNA. The results indicate that the addition of Mj can reverse, at least partially, the inhibition produced by the reticulocyte inhibitor or by dsRNA. They also indicate that when the concentration of M3 is ratelimiting, the synthesis of beta chains occurs at a higher rate than that of alpha chains. When the concentration of messenger RNA is rate-limiting, the synthesis of alpha and of beta chains is more nearly equal.
MATERIALS AND METHODS
The preparation of the reticulocyte lysate and of the ATC lysate and the conditions of incubation of these preparations are as described previously (8, 16) . Globin mRNA was prepared by the method of Temple and Housman (20) .
Preparation of the Reticulocyte Inhibitor. All procedures were performed at temperatures between O°and 4°. Fresh lysate (50 ml) was centrifuged twice for 4 hr at 150,000 X g at 20.
The supernatant was diluted with 1 cm X 30-cm, equilibrated with the same buffer. Proteins were eluted stepwise with KCl of increasing concentrations (50-400 mM); the fraction containing the inhibitor was eluted with 300 mM KCl, was concentrated under vacuum, and then directly applied to a Sepharose 6B column, 1.5 cm X 100-cm, in buffer A containing 50 mM KCl. The eluted fractions with inhibitory activity were pooled, concentrated under vacuum, and stored in small aliquots at -80°.
Initiation Factors. The initiation factors Ml, M2, and M3 and the dissociation factor were generously provided by Drs. W. F. Anderson and W. C. Merrick.
Double-Stranded RNA. Double-stranded RNA prepared from Penicillium chrysogenum was the generous gift of Dr.
Analysis of the Chains of Globin. At the end of the incubation of the reticulocyte or ATC cell-free systems, 1.0 M NaOH was added to bring the NaOH concentration to 0.1 M. The tubes were incubated at 370 for 10 more min to deacylate the tRNAs.
Non-isotopic rabbit globin, 100 Mug, was pdded as carrier to the ATC preparations only. The incubation mixtures were precipitated with acetone containing 1% HCl and the precipitated protein was kept at -20°. Each precipitate was washed four times with acetone and then dissolved in 50 ,Al of water, freeze-dried, dissolved in 20 Al of 8 M urea and 20% sucrose and applied to a 7% acrylamide gel in 8 M urea, pH 9.8. The electrophoresis was performed according to Moss and Ingram (22) . The gels were then stained with 1% amido black in 7% acetic acid. The excess dye was removed by transverse electrophoresis in 7% acetic acid and 40% methanol. The gels were scanned at 615 nm, sliced in 1.5-mm fractions, dissolved in 10 ml of 3.5% NCS solubilizer in toluene-based scintillation fluid, incubated overnight at 370 and the radioactivity in the slices was estimated. The radioactivity measurements of a and 13 chains were corrected by the ratio of the areas of the two peaks at 615 nm.
RESULTS
In the reticulocyte lysate, in which shut-off of protein synthesis occurs in the absence of added hemin, the addition of initiation factor M3 maintains protein synthesis, whereas M,, M2, and the dissociation factor are without demonstrable effect (Fig. 1 ). There is a linear increase in the extent of protein synthesis with increasing concentrations of M3 in the range of 0.4-1.6 mig/ml of incubation mixture. The addition of M3 serves to maintain protein synthesis as does the addition of hemin, but, whereas hemin has little or no effect on a shut-off lysate 11 min after the start of incubation, M3 is effective in restoring protein synthesis. The effect of M3 appears unchanged by prior incubation of it for 10 min at 370 with or without added hemin (Fig. 2) .
The inhibition of protein synthesis by dsRNA in the reticulocyte lysate. resembles that observed in the absence of added hemin (23 by the addition of M3, whether added at the start of incubation or once shut-off has occurred (Fig. 3 ).
In the ATC lysate, similar findings are observed. M3 increases the extent of translation of globin mRNA and overcomes, at least partially, the inhibition produced by the reticulocyte inhibitor (Fig. 4) or by dsRNA (Fig. 5) . M3 is effective whether added at the start of incubation or at 37 min when shut-off has been induced by the reticulocyte inhibitor or by dsRNA (Figs. 4 and 5) were examined in the reticulocyte lysate or the ATC lysate. When hemin is added at the start of incubation of the reticulocyte lysate, the synthesis of a and (3 chains is nearly equal. But when hemin is added at progressively longer intervals after the start of incubation, the synthesis of both a and (3 chains declines, and the decline in a chain synthesis is more marked so that the ratio of a to (3 approaches the very low ratio observed in the absence of added hemin ( Table 1 ). The addition of M3 to a reticulocyte lysate results in increased synthesis of both a and (3 chains, but the increase in a chain synthesis is relatively greater so that the ratio of a to (3 rises ( Table 2) .
When globin mRNA is added to the ATC lysate in increasing concentrations to saturation levels of 40-80 ,og/ml, there is increased synthesis of both a and (3 chains, but the synthesis of (3 chains becomes relatively much greater than that of a chains and the ratio of a to (3 falls (Table 3) . When M3 is added to the ATC lysate to which saturating concentrations of globin mRNA have been added, the synthesis of both a and (3 chains is increased, but the extent of increase of a chain synthesis is greater, and the ratio of a to (3 rises (Table 4) .
DISCUSSION
These findings reflect a consistent pattern in the effects of hemin, M3, reticulocyte inhibitor, and globin mRNA on the relative rates of synthesis of a and ( chains of globin. When the concentration of M3 is rate limiting, the overall rate of synthesis of (3 chains is greater than that of a chains. The concentration of M3 becomes rate limiting for protein synthesis in Our findings may be explained as follows: The effect of "M"3 is to promote the formation of active initiation complexes involving the initiator tRNA (Met-tRNAf), 40S subunits, and mRNAs. The complex of 40S subunits, Met-tRNAf and mRNA for /3 chain may form more readily than the complex of 40S subunits, Met-tRNAf and mRNA for a chain. This may reflect a greater affinity of the 40S-Met-tRNAf complex for mRNA for d chain.
An alternative possible explanation invokes the action of one or more chain-specific initiation factors. Evidence for the existence of initiation factors, whether RNAs (26, 27) or protein, in eukaryotic cells with principal effects on synthesis of specific polypeptides has been provided by several laboratories (26) (27) (28) (29) (30) . At present, we do not know whether the role of hemin involves such putative chain specific initiation factors.
In intact reticulocytes or bone marrow erythroid cells, the effects of hemin deficiency on the ratio of a to , reflect the role of hemin on initiation of globin synthesis and in the assembly of the hemoglobin tetramer (31) . When heme deficiency is not marked, as in cells which continue to synthesize heme but are not supplemented by exogenous hemin, the ef- Globin mRNA, 80 pg/ml, was added to each incubation. Incubation conditions were the same as described in Table 3 but the KCl concentration was 120 mM. fect is principally on assembly and the ratio of a to /3 in the total hemolysate is close to unity (31, 32) . In cells in which hemin deficiency is marked, such as in experimental or pathologic conditions (25, 33) or in lysates incapable of synthesizing heme, the principal effect is on initiation and the ratio of a to ,3is low. These studies were supported by grants from the N.I.H. (AM 16272) and the Philippe Foundation.
